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(54) HEAD POSITIONING CONTROL METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a head 
positioning control method which achieves higher 
positioning accuracy by performing a computation of a 
force estimation observer derived from a model of 
friction force using information pertaining to a head 
position and a head drive signal to enable compensation 
for the friction force. 

SOLUTION: This magnetic disc device detects 
information pertaining to the position of a head 2 from 
a servo position recorded on a disc 1 and outputs the 
information to a compensation signal generation means 
34 as position error signal 21. The compensation signal 
generation means 34 is constituted of a positioning 
compensator 16 and a friction estimating device 15 and 
the like to perform a computation of a force estimation 
observer derived from a model of a friction force using 
the position error signal 21 and a head drive signal. An 
operation signal 31 obtained by the computation is 
outputted to a drive circuit 5 and the head 2 is driven 
through a voice coil motor 4 to be positioned at a 
specified point The compensation for the friction force 
is accomplished by this method thereby compensating for 



a drop in the low 
viscoelasticity of friction. 
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[ism] a^^^^^^B-ctt, m«»t!©**©»£ 

*461i*CD{gT$:glt^--r. bfcjFoTWEflWflMI 

[Wife**] f-fX^ 1 cia»*nfe-y--*«#*6* 
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IB 1 ©fi^ffcifef&U BUlBfg 1 <D«^fc«-3^T^y F 

BiB2©«*fc:j;oT'W p#ttBsa(ttB>4M3n 
««t-5t*!l»-J-S^y FffiB&toftJfBWiSK&V'vT, hu 

k £ <fc »> ^tofcft^f k m?m 2 Oi^t» LTD-;W 
7 w )\,*®S(.*ft o - kfc «k SsRtofcM ***D»-r -5 c 
kfCfct)^ FttB&»t«tt©jraft&tt«rajMS£ 

im&mz] ffi&m 1 ic&^-c, m&^v FffiBfttt** 

fctt«-r*AOJt««», ^* FaMMflSOKBSfcttW 
> h k bT, iftiafim*U^?^SBJ£flfflltt 
ktStt^E— ^ > h 6^ av W 7 

CA*bT*«>feiB*«9kx BuIB^2©(f^^Bt)IEJt 
iltfclSt-^ > h£^tf&tM>>£>fcaD-,'^:7 
-f ;^CA* bt Jn»r a c k t: <fc t> ^ y 

F(Sm*»*«©jlW*»««***«>, buIB*^^« 
««*ftwri3JS i ©«*cinntr * - k c <t t> > grass 

[ffi&m3] 5r-***fcfc£2Pb»§BSbTi&at£H* 
$g^5>, ^HtiD BJftffiBk^y FCffifiCMfa 

©***£« U iiSf3fSl©e#{3«-c5V->T^'j' F&B 
ifei&*!l*fef^T*fc»©*2©«*fc£j*U huIBSI 
2©«*£J:-aT^y F#«nKB«ffiB'N£»3fta J: 

3fc»y»ra^y F&B&a&f&JSiteiSK&v^ buhbga 
BSUIfi^K:** bT7W ^ )U*mn*'n -5 d k £ 

»»*ff -5 c k c <fc 5 fffcfi AnHf a c k fc«k !) SB 
lffl^vH(SB*«>»»S©#»*M«m^**«>> SulB 

fir** tW3« i ©fi^tsnn-r a d k fct s s 2 ©m ^ 

^*mm£.m bfesg 2 <Dm^vztmr a ^ k c «t 5 9 2 

[it*® 4 ] m#m 3 cE«®#***i««*)b«^ * f 
(aB*«>*iifi©w§aisT-$s£Ta«# t) hj uMift*ffl 



&B&«>ffi«#!8:C A* bT{£Bifc#>*§<W©fcto©ffi 1 
©«-<§££jfj£U milB^l©«-f-fca^^T^^ KteB 

BKISfi^fcW l/tn>f 7 ;i/**»*ff -5 C k t 
ffl^f KittBJfc»«ll«©#«*»««*ft*«>, huIB« 

mmm 1 ©« ^tcsngL-r s c k c «t « 2 

^fiKb, i59l3(iB»»i**««-bT»&n*SfiKfi^ 
* 6 JB 2 «y H {SB^ <6£&fit©ftM£;£>*i«fi ^ SsR 

m^iztanr 5 - k t <t jg 2 ©fi^&MiE-r & z k $r 

[gfsRJ16] ^S5fcl3«©^2©lSl«l*«««9* J 

^•rs^-D >j«»**««-ra«*Tjfc*ffiB*«&fW 

fgip^v 'vv Ft J: t) SWffiBk^y FottBtWTS 

(iB^rf^^t^tiib, HuiB^fcB^nfeffiBMMM^& 
ixLW&ttmm^mizxti bT(£B^»ffl«©fe«>©ffi 1 

©«9ft£dtU huIB^ 1 ©{f^flg^T^y F{SB 

2©flrefcJ:-3't*Ny F* J miI3B^{aB^ii;^n5«fc 
•5CWJ»ra^f FffiB^»*W*^t:*V^T, BufBfit 
B^M«-^t^f bT>'^1' 7 r> 3 k c 

***fja c k fc ± t) f#fe«^^iD*1-5 cfcCiDS 

m^&wmm 1 ©flretiuji-r a - kc «fc t>m 2 ©«-^ 

fS^nfe^ 2 ©«^tin»T a c k c J: & * 2 ©(§^5: 
•»iEraikftW«kra^y FfflB»»iBl»*iS. 
[it 8 ] n«s 7 c§3«©^ 2 (ommtimfum^ 
#s itt«cjt«ratf*i*kSfi«K:it«irattffi«K* 
©«jt- a mka a fi-sfT- a r k k r 

[ts^iH 9 ] 7*-f ^^tfee>i>»b«i)§3»btfeaifi[B« 

^» Ft J; t) g«ISii:A9 FOffiBfcSI-ra 
{iB^M«^^^£ti-ra©BMMf§^a^k. h5I3 
^tB^tifc{4B^««^*eB!*»«P¥l6t A* bT 
fflHfti&««©fc«>©»l©«**4j«U mJfBSgl© 
B^cat^V^-Cw FffiB*«*l«*iE»1-a&»©^ 

2 ©B*ft^jE*-r zmmm^Zim^mzffiZ-. mzm 2 

©i^Ci'at^f F* s mif3BtI{5iB'N^i&^tiaJ;d 
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t3;W ) \7s 7 4 MUK: £ »> » 6 ixfcfi* huIBd - 

mmm 2 oft ^&A*/i: itii8efii»*>e>fcan— ^7 
huIB^ 1 cD«*fc*n»r*lnKt^Si:x mUBiPir^JIS© 

■rfitH:ai»i*«©fc«)©*i©fi^*^j5Ru Susesgi 

2©fI^-C.toT^^ HASBuiBB^KSttt^ifr^naJ: 

SM^iw^* Xts k. l/TA>f ^7 7 -f )\s#(DM&*fi o 
mw^tm 2 ©«^£ A2i i: UTDwu 7 4 ;i/*© 

sn^fT-pasis*©*^ mm^'^yj a-*©*®*- 
£> f» £ tifcff *i i: huIBd — ; *7 7 ;i/ ^ ©iHgf A 1 h e> 
nfeli-f-fciPirr siD^® Bui3iP»i^**^ l © 

iulBSg l ©«*Cioirrain*¥fti^ BirEinfMWi: 
l/t, BUIB{4S^fl^-* i ?)^2©^>y KffifiifetoSMI* 

mi!3m2©««*«®«^<&BuI3J0#{l^tiDg 

[it^ill 21 m&mi 1C1B«©* 2 ©***»«« 
6 »e>fta^s» K(aBft«>«i«©«e«*ffl 



[igjRffll 3] =r<( 7v^tfee>*»C«)i3^bTfe2)(aB 
tiMRA 1 ^ h*£«fc t> BSMiBfc^y F©<4B£l8-f 
5{2B^ff^S:^a3-raGiBMII{§^til^l6i:, bm 

T&fi*to««©fc#©^i©fi^££j#u bu§3Sii 

2©{§^K<fc^T^y K#ii5i3B^{£B^lt>;*tva<fc 

-pcsw-ra^y K&B&s^JSPSSBSc^-ts buIBGl 

BMM«^£ A£ i: UTA^f ^7 7 ^ omW-ZfrS 

mm-^m t.m 2 ©e^* a^j t lt a ^7 7 w © 

?>f# e> tifcffi^ mliBD — 7 w ©?Hff 

nfc«*taa»r «up»*S4:. snaraiMijR*» 1 © 

^9 K(ftB*a>*t«©***M««*fc U Huf3*^* 
ffltSIf ^*h5I3^ 1 <Dm^iUWTi>im^t, buIB 
iDJHSJRtUTx Buf3ffiB^II«^46S^b-r#e>tia 
MJKfg^-^ ?)I2 ©^ >^ K(4Bgfe»*i«© mII3*^*?i 

1513^2© 

«MK*»««9 HulBAD^m^^iP^-r S Ja»*« iix 
Hui3iP*«^* i e>^2 ©«^ftfi«-i-*KiMi9^)E»* 

[ft** 1 4 ] H*ri 1 3 tf3m©m 2 ©J$M*£««fa 
t4^?ISl*e)»e>tl5^*>' K{4Bj*»^«©buI3*S - 

{iB^tofiJPSBo 

flMR*»6, B«ffiBi:^s» HOfflBfcBr 

i3«m*nfciiB»a6«**ffiB««>««*sc a* u 

T{>iB»toM(»©fc«)©^ lOlf^U fiJlBMSl 
0gfCI^V^A-» K<2B*«««ISffil&-r5feK>© 
% 2 ©fi *ft^Rr «EiWl*^ft*Sftfflli% milB^ 
2©lffcJ;?^5' l«5ti»«lEB«(ftB^»*n*J: 
^"^^B^*?)^ l JP^B^i5V^T^ HUf3(i 
BMM«^-* XtJ i:l/TM^7-fM (DmW-Zfro 
2 ©(S^£ ATJi: UDWU 7 -f ;i/^© 
SS4fi : 7«^ISi:> 8513^^^7 7^ ;u^©S^* 
?>f# £ ftfcfi ^ i: HuiBn — 7 comW-if 

»&jjmmm^t u wmm^zmzm 1 ©«-^tip» 

-raiPff^h, mI§BSP**IS©tB*fcU-C, ttilBtiB 

^ipe>^2©^^ HfiLfi^»«6#l©*^*4f«M^4* 
»5^2©#^^ffi««^fiE^i:^ s?Jl3m2©«^ 
* 8MB£fifc b fe<§^ t tm r S APS^S 4:, 
mllBiPS:^©^^* 1 £Sg 2 <OiB9*^J*-r 4 
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£>B. 

im&m 1 6 ] m&m i 5 iztmam 2 ©jg^snsrii 

2©^* mB&©«&fit© 

£ 2 ©jraftfflflte^&^Jg&ffi*. 5{SB» ©f&ISPSS 

So 

a 1 ~ 1 6 ©V^m*— 3fcg2tt©^v b-{iBiife©fiiOT 

1 ~ 1 ecD^rnt— 3fcta«o'Nf KffinfettMWK 

go 

[0 0 0 1] 

[»l»©*T5ii*fl»] #»i§Bu BBt»7»-f^i'«« 
■^^-f ^^SSBO^'f FOffiB&to^tS&^OftCiiiFfB 

[0 0 0 2] 

— * ©&Bife«>g8#l£ fctigK/Si fcOf |£ ft £ >;=77*f 
«ffiB»«>C*f-r*B*B:/J^SS<b, *13*ajfltfbK:#o 

SME"C©W«fc#l,V» (B:*||M?«tg 7 2*391*1* 
*»iWtodft(IV) 19-20). COWitt^U^ 

©««B©3«S*JBJ*fc J: vJ*W#**a«ftfc<f5?rra» 
-f*D^b35t6f (1 9 90)435-43 9) 

##o 2 &^©<8t££^ U H*fi«MRWT©UI«-e tt^ 
^ vflmfc^fK*JB^S-fra. 3 6 Kit 

ffic*r-r«***©$3Bau' *ffi5W*/jwfc»&K£j&R: 

& 5 i: n -5 mgttttto&fe, ftffitfflk/jMcft 3 15 if 
BMFSIMttfX<* WSJfaP/hS <fcs. d©HPoB:/.h 
SftsK: <k 5 ICSfgT t** W»fc«R t * 5 * 

aH*fiift»eiT©flwi«©y-f >©n«#sg^fc3. 
[0003] ««**«r^*t*iflw-*3SriSMu wn 



[0 0 0 4] 

^astraai^^ ^^^bt% iE6sgcr-©«^©^iiss 

4 ^^«B©^a©fc©K:Ji«EfiK*©««ffiiJffliAs < e>Si: 
[0 0 0 5] 

[HUB*J»*-r*fc«>©*«3 *^W{c«tixK, 7^* 

«ft*au BWffiBt'vy K(SJ[«©»aift/h*<-J-« 
KBflMttBfc^v P©ffiBCWf *M*© 

mmn^zm, 3©«*fc:*«Taj««ai*««*fciii 

SC-TSiiitot Da 9 KKIW1^*»-C, b'&B£ 

ff^ftiitulB^f FffilWI^&JB^Ts KEIWtfll© 

flir*tttt*»Wj©»i: br**6fc*«S*^ifw^© 
***ff-5Ci:K:J;!K #5>ix 
fe*^g^«^»^I^^i*^*© ; E7 ^ ;l/^£%iii;b^^;v^^ot 

t) i)-&mm*mmt>m®ifiBj&r-, msss^y tommy- 

[0 0 0 6] 

[»B8©*M©J&»] **69i©IB 1 ©39E0!I*BI 1 
«bfc«ftf s ^^^SEB©^Dy^BI'C*4. tV** 

i ±izi£-v--#m^mm2ti-c& t> > t-m* 

(WaWr) i: 9 0ft^©A&SlM&BH£<reP E 
SQ (RfflSHtr) SMU £ftS>©SUI«93&»&b7 

y^«t:j«tratt©»-3fe(ttBKi6«*2 i ftf^a 
i 2 1 i t) -^©-y- > r y > ^F^PST-M®{i^^fiE^^ 
e 1 8 ii % (sapjiff^ 2 6 z&vxmwi-rz v^v* 

C«^f h 7 2 2 ^?S4t5. ttz, ? 

■i 1 9fcfc, h7 9»W7 2 2 

©^!S:7J'i7> h LTBf h7-^^t-Of^^;Hf 
7<^IS2 3^t5. 

[0 0 0 7] n>bD-v2 0*s^fi63V>H2 4£<u 
B*©ffi«^l 6{3^ffTSh, <aB*K)ffi®§ll 6tt 

&e&«>«{it{i^2 5<£tB*-r-5c ^©se?*to«it« 
* 2 5 (Dmnxm*. ittnuxst & dahiel "magnetic 

RECORDING" , Vol. 2, McGraw-Hi 1 1© 5 3 - 8 4 H 
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[0008] j««*ft«€bit«-rai»»*«s»i 5 

fciMftttttflHS* 2 5 «An*» 1 7 1 J: DlDWra - 
h££oTf#£ft£i£Mf^3 lttDA3WW 1 4 

^nfeIgt&mgS3 2 * 4 

[0 0 0 9] H2<3D:7Dy£I2Bu Hl©*tt«lO^^ 



2 ^©i^*^ nana t> ©ims^ 

-*>hfcJTK |g«i[plES5©y>r>*Ka(A/V) 
Jl^E-^tf)^ >S:Kt (N • m/ 
A) T-> EME*IJSKfcw(rad/s) le]te£S£e(r 
ad) T% fcTtfy Hftfr&^* K*T*©EWB*ffi*r 
(m) T% ^ F(tt«*»6^* FfiMM***©^ > 
£Kp(V/m) T-x AD^«I»1 2©y-f >*gadp(co 
unt/V)T% DAM1 4<£>y<f >£gda (V/count) 

ft, Kpfi(Snfe«fi:bT»6ft4. 

[0 0 1 0] *C«Wll«SO«RLA2 > LA 3, L 
Bl, LB2, LB3, H A 2 , HA3, HB1, HB 
2, HB3gtS£o^Ttfi^£o dtK 1 = gda*k 
a*kt, K2=Ks*gadt £TZ>o 

[0 0 11] 

»1] 



G I p 



x s 2 + 2 • C ■ ta • s + u 2 



(»1) 



[0012] £& 2 3 

, l 2 is 2 -k-l 1 «s 
Gh D ls)= — s-« - -(82) 



[0013] isccwi/trntfaiwaafcasCADs ss-rst 

©*«SC*»6"z<0*fflSCC«tftfafcx r***-*^ [0 0 14] 

U >^^T A*Ti:*5^Tm3 4i$l, R2fctt*U [R3] 

2 z- 1 



s SB- 



T 2+1 



(K3) 



[0 0 1 5] »4, »5#»&n*. . t^ 4 ^ 
[0 0 16] 

^, / ^ LB1 + LB2 • z-' + LBS - z~ 2 
1-LA2 • z-'-LA3« z 8 

[0017] tlS5] 

, % HBl+H B2- z~ 1 4HB3»z~ a 

Ghp z = n — r- — Ti — - (S5) 

1 — H A 2 • z — H A 3 • z 

[o o 1 8] wla, msozfr®, fr¥-<Dz<D&m<Dmm ?<> ii, ij lis, w^^T^c.t t)*^^ns. 

#B2©*:7D**©flHRCtl£-r*. »1. &2©£ [0 0 19] 

I i = 2 ■ C • «— - (86) 

[0 0 2 0] 

I 2 = m • « a -k-2 « t • c - — (87) 
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[0 0 2 1] k:feJ:tfcttte&«!>ffiU*j*a*tt»1fc& 
Tr<K5£ U. fe £ S © fcf fc:£28t:fc «fc *fitt(£}g^2&T- $> 9 , 
^*©/B*aW*tt*»e*-a d £lZ J;t>T*K)^n5 
@Wffii&&wp£MJSit£p#>£c = 2 - J'tp-w 
p, k = J • up' lz«fc t»5t<K)S. 

TSMIJfcBMIIU {MifettlStt»rt©**fco^TttBi 

[o o 2 3] stepioo : (k-y-^ruv^ 

j£) Lfc(JMHfl2Sffl»2 1 Yl (k)*»£{agife©ilt„f<I 
92 5V(k)$:H-»-rs. 

[0 0 2 4] STEP101 : V (k) h li^>r;i/Bu©^M 
f»(t9 3 0 W (k - 1 ) fr&SWWI* 3 1 U (k) ©ttflC* 
fro. 

[0 0 2 5] STEP102 : DA3>A-^ 1 4l:i DIBS) 
0E§(cSmi^3 1 fcta^fS. 

[0 0 2 6] STEP1 03 : k-y->7"»J >^^©{£H^H 
it2 6Yllk)CW>HBlSSi;T, HPX1 
(k) £JQ#UHPX (k) £f#£o 

[0 0 2 7] STEP1 04 :S#fit3 lU(k]iC^>L 
B 1 LPXllkiaoibLPXIkl&f 
5. 

[0 0 2 8] STEP105 : H P X (k) £ L P X (k) ZtiQW 
bt**i«19 3 0W(k)£f#S o 

[0 0 2 9] STEP106 : Y 1 (k) fcHB 2ftJRtfclS* 
fcHPX(k)KHA2ft*l5fcttJllftln»U *5>CH 
PX2(k) £inirj-s;:fcfc.fc{)HPXl (k+l)S» 
3. 

[0 0 3 0] STEP107 : Yl (k)fcHB3ft«fc&*S* 
£H P X (k) lz H A 3 £Jit &fctt*fclnjf.-r a C i: (3 «fc 
&HPX2 (k+ 1) 4ff So 

[0 0 3 1 ] STEP108 : U (k) tcLB 2 fcHtU-feKljlt;: 
LPX(k)fcLA2ft*tfc|g**inJIU $5.CLP 
X2 (k) ftHH|-r*ii:fcJ:»)LPXlJk+l)fc» 

-So 

[0 0 3 2] STEP109 : U (k) CLB3**tfe«*i: 
L P X (k) C L A 3 £Jg bfe^*4iD©t-S CtCJ;t) 
LPX2 (k+ l)£f#S. 

[0 0 3 3] U±#kif>:/y>^jSifc:*B- 3**15* 
^^7*D^ > jTftMMKDtfllBVlCf U XAtfcS. 
[0 0 34] ^**fl|«^W(Ojf««l|C©*ff fc 

^^>W©Ji^$rff3k:tt> »tt©#3±b5y*±'MD 
^ y K(siS £ft5£T- § 5 <t -5 ^ . »JW1«©«V'> CPU 
ft>ftfM*b&ftff&f? a CFUjPifcBfcfc t)> CPUH: 
i^<ffi& *>©£:& 3. ^3T% H3£'J«0SliH»*^ffdSIIS 
^CPUt^ Ifi!h7y^©r- *©U — H5>f 



©^a-^«»<£fP$'Jt-**«i: Lt, B*h7**©R 

fcf, ©1 b5y^«lA»61t3t#a*IW^af 

B^b7^^©4^-©1 b9y^^M*6'||jElWP 

at i v^vtfr&mn 
fy&i?<&3;6»6, ~>— ^fct— ^isj©jii&T-$>.5fcfe* 

[0 0 3 5] CCITn M±.<DWrW-7)\>zH)XJ±*m%ff 
S&JRjW* 0 2 fp© C fciniB«*fc-**.fc £ 

«F©i^ ftB«(tt«KBratJfr-^2 4*^6fT*j*lfcfc§ 

ia&om&r* * pmmx&mwmm & -tiwm x, 

H 2 T-*«^7}f J£»# * t ^^cd u 6 X £ T©« 
<&3. *ft^ft©^#^t£tt;&OJS4iI4I£0. 0 5, 0. 
1, 0. 2, 0. 5, 1. 0/j.m t^x.TsRfeTV^. Jo 

^l^&fI* s /J^^v^{5^if©J^HI^©@w^ii!;a!^* s a < 

>J*£<fco-tv->3;ii:#;ba»3o z:<mwmmztt\sX 

mmmaryy— M©gga>= 2 • k • 2 0 

0 0, £ = 4 , #Jfll*tt©tiH£ti: 0 . 2 ;tafIS$©*f 
mzttfo-^X, wp= 2 - 7T-90, Sp = 0. 3 T-p£ 

TS«4WSR*»S.*Ijs8U -tfD^n^jaiSlK5 5 0Hz 

fcbTKStbfc. •y>7"';>^>f Ate 5 

tzo Z<D£Bs A-fr*,B£X-(Dm)l>— 2>£m 6 

«K:J:*««y-f >©»*B:l3tgU H*ffii&»©t- 
**>fc<*-3TU*. *r-!f— ^©S&iRttO. 2*»&1. 
0Am©|6fflT-J c t<£^y'i' >*S4 OdB/dec T-Ih]^L 
T&t), ^I©4VM/s' ©f(H4i:5«toTU3o 0. 

1 //mWTT-Jol:, *<D%]%k1$'&*\zffitX^2>i>K H 

o^ffljjaBcttBjffflea dssohz t&^Ti^o 
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